Abstract This study was aimed to investigate the antioxidant capacities of four common forage legume leaves namely, Arachis pintoi (Pintoi), Calapogonium mucunoides (Calapo), Centrosema pubescens (Centro), and Stylosanthes guanensis (Stylo). Two different drying methods (oven-drying and freeze-drying) were employed and antioxidant activities were determined by DPPH, Ferric Reducing Antioxidant Power (FRAP) and β-carotene bleaching assays. Total phenolic content (TPC) was determined using Folin-Ciocalteu assay. Freezedried extract showed the highest antioxidant activities by DPPH (EC 50 values 1.17-2.13 mg/ml), FRAP (147.08-246.42 μM of Fe 2+ /g), and β-carotene bleaching (57.11-78.60%) compared to oven drying. Hence, freeze drying treatment could be considered useful in retention of antioxidant activity and phenolic content.
Introduction
Legumes are the earliest plants domesticated by mankind. The popularity of legumes is attributed to its good protein profile (20-30%) compared to usual plant protein sources that ranged lesser than 20% (Bhattacharya and Malleshi 2011; Department of Veterinary Services, Johor 2005; Han and Baik 2008) . More interestingly, recent studies have found that consumption of legumes is closely related to reduced risk of coronary heart disease (CHD) and cardiovascular disease (CVD) (Flight and Clifton 2006) . According to World Health Organization (WHO), CVDs are the world's largest killers which claimed 17.1 million lives a year (WHO 2009) . CVDs are found to be and usually manifest in communities across different age groups. Thus, in order to combat oxidation-linked diseases, a significant role for dietary antioxidants is emerging (Shetty and Wahlqvist 2004) .
Antioxidants are important in neutralizing free radicals. Free radicals are generated during normal body metabolism as molecules with incomplete electron pairs which make them more chemically unstable than those with complete electron pair (Fang et al. 2002) . The formation of free radicals must be scavenged, as over time exposure to high concentration of free radicals may cause irreversible damage to DNA and other molecules thus leading to chronic diseases. In recent studies, phenolic antioxidant is well recognized as one of the famous dietary plants being applied in designed dietary intervention to manage major oxidation-linked diseases such as diabetes, CVDs, arthritis, cognition diseases and cancers (Wahlqvist 2002) . Other than the role in preventive management of diseases, phenolic compounds were found to have protein interaction in the anti-oxidation mechanism. The phenolic compounds integrate a role for easily and readily assimilated sources of protein foods. This is obviously shown in high protein foods such as legume and fish proteins for improved antioxidant response through the proline-linked metabolism (Annegowda et al. 2011; Shetty and Wahlqvist 2004) . Therefore, there is substantial interest that has been focused on legumes, particularly on its antioxidants which contribute to its anti-cancer and anti-ageing properties.
Forage legume leaves such as pinto peanut (Arachis pintoi), calapo (Calapogonium mucunoides), butterfly pea (Centrosema pubescens), stylo (Stylosanthes guinensis) are not common for human consumption. However, there is a potential to utilize these legume leaves as food. In fact, phenolics found in various plant extracts other than edible parts are able to prevent oxidative degradation of lipids in food and also help to improve the quality and nutritional value of a particular food (Kähkönen et al. 1999 ). However, current technologies in food research and development are still facing problems to preserve the maximum phenolic content in food products. Drying method and temperature control are important to ensure antioxidant capacity and stability of polyphenolic compounds (Katsube et al. 2009 ).
Antioxidant activity of food samples are affected largely based on different drying treatments. Vitamin C, carotenoids, phenolic compounds and antioxidant vitamins are sensitive to heat and light and could easily is destroyed during drying due to thermal degradation and oxidation (Wen et al. 2010; Yang et al. 2008) . Hence, novel drying technologies like freeze drying, spray drying, and vacuum drying among others are used (Sagar and Kumar 2010) .
Anti-oxidative properties of common legumes have been well documented but antioxidant assessment of legume leaves especially forage legumes is still limited. Also, the impact of different drying treatments on antioxidant capacity of forage legume leaves is scarce. Therefore, the present study was aimed to investigate the influence of freeze drying and oven drying on the antioxidant capacity and phenolic content of selected forage legumes.
Materials and methods

Materials and chemicals
Convenience sampling method was used to collect 4 types of legume leaves from Institute of Veterinary, Malaysia, Johor. Legume leaves were Arachis pintoi (Pintoi), Calapogonium mucunoides (Calapo), Centrosema pubescens (Centro), and Stylosanthes guinensis (Stylo). The matured leaves were plucked off from the plant stems. The selection of the leaves was based on color and size to ensure uniformity. Small and pale colored leaves were discarded.
Sample preparation and extraction
Legume leaves (1 kg) was dried in an oven (UM400 Memmert, Germany) at 60°C for 72 h. The second group of leaves was freeze dried (Oerlikon, Köln, Germany) for 72 h. All dried samples were grinded into fine powder using a food blender (Waring 7011S, Torrington, US) and sieved and stored at -20°C until further use. Dried leaves sample (ovenand freeze-dried) of 0.2 g was weighed and transferred into a beaker separately. Then, 20 ml of 80% (v/v) ethanol was added into the beaker. The mixture was stirred at 200 rpm in an orbital shaker (Unimax 1010, Heidolph Instruments GmbH & Co. KG, Germany) for 1 h at room temperature. The mixture was then separated from the residue by centrifugation process at 4,500 × g at 4°C for 15 min. The supernatant was used as sample extract and ready to be used in various analyses. All the extracts were produced in triplicates.
Antioxidant activities determination
DPPH radical scavenging assay
The effect of legume leaves at various concentrations (1, 1.25, 2, 2.5, and 5 mg/ml) on DPPH radical was estimated according to the method of Lee et al. (2007) adopting method of Brand-william et al. (1995) and the results were expressed as EC 50 . EC 50 is defined as the concentration of samples required for degradation of 50% DPPH radicals. The lower the EC 50 value indicates higher antioxidant activity. All samples were measured in triplicate.
Ferric reducing antioxidant power (FRAP)
This method measures the ferric reducing ability in which a ferric-tripyridyltriazine (Fe 3+ -TPTZ) complex was reduced to ferrous (Fe 2+ ) form. The FRAP reagent was prepared according to Azizah et al. (2007) adopting method of Benzie and Strain (1996) and the results were expressed as μM of Fe 2+ /g sample.
β-carotene bleaching assay
Antioxidant activity of legume leaves and standard (Trolox) was measured according to the method of Amin and Tan (2002) . Antioxidant activity (AA) was measured in terms of successful bleaching of β-carotene by using the formula below:
where A 0 and A 0 are the absorbance values measured at initial time of the incubation for samples and control respectively, while A t and A t are the absorbance values measured in the samples or standard and controls at t=120 min.
Total phenolic content (TPC)
Total phenolic content was determined according to the method of Singleton and Rossi (1965) with slight modifications. About of 0.2 ml leaf extract (10 mg/ml) was mixed with 1.5 ml Folin-Ciocalteu reagent, and allowed to stand at room temperature for 5 min. After that, 1.5 ml of sodium bicarbonate (60 g/L) was added to the mixture and incubated for 90 min at room temperature in the dark. The absorbance was read at 725 nm and result was expressed as gallic acid equivalents (GAE).
Statistical analysis
All the analysis was carried out in triplicates and the data was expressed as mean ± standard deviation. Data was analyzed by using Statistical Packages for Social Sciences (SPSS) version 16. One-way ANOVA was used to compare data means for various assays among the samples. Pearson's correlation test was used to determine the correlations between antioxidant activities and total phenolic content. All analysis was considered at significance level of p<0.05.
Results and discussion
DPPH scavenging effect
Among the selected samples, the lowest EC 50 value was seen in freeze-dried extract (S. guinensis, 1.1 mg/ml) and the highest was seen in oven-dried extract (C. mucunoides, 3.8 ± 0.3 mg/ml, Table 1 ). Thus, oven-dried extracts exhibited weaker scavenging effect with highest EC 50 values. However, despite the high EC 50 value in freezedried extracts, negative correlation with TPC (r=−0.527, Table 2 ) was observed. This finding was contradictory with study done by Ozsoy et al. (2008) where EC 50 value in Smilax excelsa L. leaves was correlated well with TPC (r 2 =0.7432). Basically, almost all legume leaves showed significant differences in mean of EC 50 values except for A. pintoi (Pintoi). As shown in study done by Han and Baik (2008) , different legume beans exhibited different antioxidant activities due to the diversity of phytochemical components present in the legumes. Similarly, it is not surprising that the studied legume leaves also showed significant differences in mean of EC 50 values among each others with the fact that individual phenolics had different antioxidant activities. Moreover, all legume leaves showed significant differences between oven-and freeze-dried samples except A. pintoi. (Pintoi). Chan et al. (2009) explained that thermal treatment resulted in degradation of phenolics and enzymes thus loss in FRAP values significantly. In their study on ginger leaves, oven-drying at 50°C for 5 h resulted in reduction of FRAP values to more than half as compared to the fresh form. The similar explanation could be applied in this study of legume leaves.
Despite lower FRAP values obtained among oven-dried, extracts, significant moderate correlation (r=0.498, Table 2 ) existed between FRAP values and their TPC. A few studies (Dudonne et al. 2009; Koncic et al. 2010; Prasad et al. 2010 ).
Beta-carotene bleaching activity
Beta-carotene is commonly used to monitor the rate of bleaching. Linoleic acid acts as radical initiator for the bleaching of β-carotene emulsion in the presence of heat or light. Autoxidation occur when β-carotene emulsion fades in colour due to the chain reaction of linoleic acid peroxide (LOO•). Antioxidant acts as hydrogen donor to inhibit the formation of linoleic acid peroxide (LOO•) generated from linoleic acid when exposed to heat (Prior et al. 2005) . Blank solution or control is also important in order to eliminate potential interference compounds including food pigments that are detected at wavelength 470 nm (Prior et al. 2005) . The trend of antioxidant activities in the inhibition of β-carotene bleaching was not consistent across different treatments. Generally, freeze-dried extracts obtained the highest antioxidant activity (57.1-78.6%) for all legume leaves compared to oven dried extracts (30.5-50%, Table 3 ).
According to Gazzani et al. (1998) , temperature and pH may affect the chemical composition and structure of phenolics and thus affect its inhibitory effect on β-carotene bleaching. Apart from that, the standard Trolox significantly contributed to highest antioxidant activity of 95.4%. This indicated that antioxidant activities in legume leaves were significantly lower and unable to compare with Trolox. Only oven dried extracts showed significant strong correlation (r=0.844, p<0.01, Table 2 ) between antioxidant activity and TPC. This revealed that the high antioxidant activities of legume leaves were associated with high TPC. This result indicates the contribution of phenolic in legume leaves toward antioxidant properties in inhibiting formation of linoleic acid peroxide (LOO•).
On the other hand, other group of extracts that utilized freeze-drying methods did not show significant correlation (r=0.424). This may be due to other possible phytochemicals, flavanoids, polysaccharides which also accounted for high antioxidant activities other than phenolics compounds. Saxena et al. (2007) had also found negative correlation (r=−0.65) between 50% inhibitory effect and total phenolic content in whole and dehusked legumes. Freeze-drying method is able to conserve and enhance majority of the bio-active compounds in plants by the formation of ice-crystals (Chan et al. 2009 ) and low heat treatments. It is believed that high inhibitory effects shown among freeze-dried samples were attributed from other bio-active compounds such as vitamin C, flavonoids and carotenoids in the current study besides phenolics.
Total phenolic content (TPC)
Folin-Ciocalteu reagent (FCR) is used to measure a sample's reducing capacity by involving electron-transfer mechanism (Prior et al. 2005) . Antioxidant present in legume leaves donated electron to molybdenum (VI) present in FCR that reduced it to molybdenum (V). This reaction could be observed from the colour intensity change from yellow to blue in the concentration-dependent pattern (Prior et al. 2005 ). Figure 1 presents various level of TPC with regard to the types of legume leaves and their treatment conditions. Highest TPC content was noticed in oven dried extract of C. muconoides (13.1 mg GAE/g), while the lowest was in oven dried extract of C. pubescens (7.5 mg GAE/g). Different from antioxidant capacity analyses, TPC in freeze-dried, extracts did not show higher values for all legume leaves except in C. pubescens (11.1 mg GAE/g) and S. guanensis (9.8 mg GAE/g). This study indicated different drying methods used on different legume leaves had significant effect on the conservation and release of phenolic compounds that contributed to various TPC levels with relation to the composition of phytochemicals in the samples. Some compounds were accelerated with the heat-releasing mechanism (oven-drying) while others would be degraded with the heat treatment. Several studies reported that TPC in edible legume beans is lower than in legume leaves determined in this study (7.5-13.1 mg GAE/g). Study done by Kähkönen et al. (1999) reported 0.4-1.6 mg GAE/g of total phenolics in peas. Legumes commonly consumed in India denoted 0.24-0.69 mg GAE/g for whole and dehusked legumes (Saxena et al. 2007 ). There are some other studies done on legumes, groundnut and peas which also showed low TPC in the beans with 1.37 mg GAE/g in legumes (n=7; black, kidney, mung, soy, small red beans, cowpeas, and peas), 2.18-2.56 mg GAE/g in groundnut and 1.2-2.5 mg GAE/g in peas (green peas, chickpeas, yellow peas) (Cho et al. 2007; Han and Baik 2008; Shad et al. 2009 ). Apart from that, by comparing the same type of legume, Pinto bean legumes was reported to have 3.76 mg GAE/g (Xu et al. 2007) . Its leaves in this study (Arachis sp.) were reported to contain much higher TPC (9.62-11.62 mg GAE/g). Another study on legumes stated that decorticated legumes (removal of seed coat from raw seed) had lower phenolic content than whole legumes (Han and Baik 2008) . This implied that disposable parts such as skin and leaves contain higher antioxidant which is in agreement in the study done on chestnut and Etlingera species (Barreira et al. 2008; Chan et al. 2007 ). On the other hand, legume leaves in this study was found to have comparable phenolic content with fruits such as apple (11.9 mg GAE/g) and berries (12.6 mg GAE/g) (Kähkönen et al. 1999) .
Conclusions
All four types of forage legume leaves exhibited strong scavenging effects to DPPH• radicals, strong reducing power, and high β-carotene bleaching inhibitory activities with respect to their phenolic content. The TPC level was also desirable as the values obtained were much higher than the edible beans and also comparable with fruit and berry.
Freeze-dried, extracts exhibited excellent antioxidant capacities with higher phenolic content. Hence, freeze drying is highly recommended, than oven drying. Further studies using HPLC/LC-MS method to identify and quantify the main phenolic compounds from these legume leaves is worth investigating.
